Introduction {#sec1}
============

Triple-negative breast cancer (TNBC) is one subtype of breast cancer that is defined as negative or a low expression of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor (EGF) receptor-2 (Her2). There is approximately 15% of breast cancer diagnosed as this subtype.[@bib1] Compared with luminal and Her2-enriched breast cancer, TNBC owns a higher ability of proliferation, invasion, and metastasis, leading to a more advanced stage and poor prognosis clinically.[@bib1]^,^[@bib2] Due to lack of effective molecular targets, patients with TNBC have few choices on targeted therapies, making the way to cure TNBC tougher. Therefore, figuring out the underlying mechanisms of biological behavior of TNBC and finding novel molecular targets are under great need.

Leucine-rich-repeat-containing G protein-coupled receptor 6 (LGR6) is a member of the LGR family, which has been identified as a stem cell marker in many tissues, such as the skin,[@bib3]^,^[@bib4] nail,[@bib5] lungs,[@bib6] ovary,[@bib7]^,^[@bib8] breast,[@bib9]^,^[@bib10] and taste bud.[@bib11] LGR4--6, as the homologous receptors, could activate Wnt/β-catenin signaling by binding to R-spondins (RSPOs),[@bib12]^,^[@bib13] which have been proven important in tumor progression and metastasis.[@bib14] Previous studies implicated controversial functions of LGR6 as a tumor-suppressor gene or oncogene. Gong et al.[@bib13] reported that LGR6 plays the role of a tumor suppressor in colon and ovarian cancer, whereas some other studies found that LGR6 was overexpressed and associated with poor survivals in a variety of cancers. Krejs[@bib15] and Ke et al.[@bib16] revealed that LGR6 promotes the progression of gastric cancer through the Wnt/β-catenin and phosphatidylinositol 3-kinase (PI3K)/AKT/mammalian target of rapamycin (mTOR) pathway. Ruan et al.[@bib7] reported that silencing LGR6 attenuates stemness and chemoresistance in ovarian cancer. Blaas et al.[@bib9] demonstrated that Lgr6+ progenitor cells own the ability to originate luminal mammary tumors. Genome-wide association studies identified LGR6 as an ER-negative and triple-negative-specific breast cancer germline susceptibility gene.[@bib17]^,^[@bib18] However, the exact role of LGR6 in the development of TNBC and its underlying mechanisms are still unknown.

Here, we assessed the expression status of LGR6 in TNBC and the correlation with clinical survivals. LGR6-expressing or silenced cells were established, and a series of functional assays were performed *in vitro* and *in vivo* to evaluate the role of LGR6 in tumor proliferation and metastasis. In addition, the mechanisms were also explored by analyzing the association of LGR6 and the Wnt/β-catenin pathway, as well as TNBC-associated genes. Our results showed that LGR6 acts as an oncogene in TNBC and promotes tumor progression by the Wnt/β-catenin pathway, indicating that LGR6 may serve as a potential therapeutic target in TNBC.

Results {#sec2}
=======

Increased Expression of LGR6 in TNBC Cell Lines and Tissues {#sec2.1}
-----------------------------------------------------------

We measured the expression levels of LGR6 in both breast cancer cell lines and tissues. Quantitative real-time PCR was performed in a variety of mammary cell lines, and LGR6 was found to be overexpressed in breast cancer cell lines, compared with human mammary epithelial cell line MCF-10A. Among all breast cancer cell lines, the highest expression level was observed in the TNBC cell line BT549 ([Figure 1](#fig1){ref-type="fig"}A). To further confirm LGR6 expression in tissues, we extended our findings to 36 pairs of TNBC tumor samples and adjacent nontumor samples. LGR6 overexpression (defined as a more than 2-fold increase) was detected in 20 (55.5%) patients. The mean fold change of LGR6 expression in TNBC tumor tissues was significantly higher than that in the paired nontumor tissues (p \< 0.001, paired Student's t test; [Figure 1](#fig1){ref-type="fig"}B).Figure 1Increased Expression of LGR6 in TNBC(A) LGR6 expression in normal mammary cell lines, non-TNBC cell lines, and TNBC cell lines was tested by quantitative real-time PCR. ∗p \< 0.05, p \< 0.01. (B) The relative expression levels of LGR6 were tested by quantitative real-time PCR in 36 pairs of TNBC specimens. (C) IHC staining of LGR6 and Ki67 expression in two pairs of matched TNBC tumor and adjacent nontumor samples. Original magnification, ×200. (D) Kaplan-Meier analysis showed high expression of LGR6 correlated with poor disease-free survival and overall survival.

High Expression of LGR6 Correlated with Poor Survivals in TNBC {#sec2.2}
--------------------------------------------------------------

To explore the correlation between LGR6 expression and survivals in patients with TNBC, we analyzed tumor tissues from 240 patients with TNBC using immunohistochemistry (IHC) staining. The basics of clinic-pathological characteristics were listed in [Table 1](#tbl1){ref-type="table"}. LGR6 expression was classified into a high and low group, the staining of which was shown in [Figure 1](#fig1){ref-type="fig"}C. High expression of LGR6 was detected in 122 patients, accounting for 53.0% of all. Survival analysis showed that TNBC patients with high expression of LGR6 have a worse disease-free survival (hazard ratio, 2.684; 95% confidence interval \[CI\], 1.465 to 4.916; p = 0.003) and overall survival (hazard ratio, 3.320; 95%CI, 1.758 to 6.272; p = 0.001) than those with low expressions ([Figure 1](#fig1){ref-type="fig"}D). Multivariate Cox regression showed that LGR6 expression is an independent prognostic factor in TNBC ([Tables 2](#tbl2){ref-type="table"} and [3](#tbl3){ref-type="table"}). These results suggested that LGR6 is a potential prognostic factor and may act as an oncogene involved in the progression of TNBC.Table 1Correlation between Clinic-Pathologic Characteristics and LGR6 ExpressionCharacteristicsLow LGR6 (n = 118)High LGR6 (n = 122)p Value**Age**≤35 years9 (7.6)18 (14.8)0.081\>35 years109 (92.4)104 (85.2)**Menopausal Status**Pre79 (66.9)65 (53.3)0.031Post39 (33.1)57 (46.7)**Tumor Size**≤2 cm35 (29.7)31 (25.4)0.461\>2 cm83 (70.3)91 (74.6)**Lymph Nodes Invasion**Yes63 (53.4)54 (44.3)0.157No55 (46.6)68 (55.7)**TNM staging**I--II92 (78.0)96 (78.7)0.892III--IV26 (22.0)26 (21.3)**Histologic Grade**I--II71 (60.2)73 (59.8)0.958III--IV47 (39.8)49 (40.2)[^2]Table 2Multivariate Analysis of Risk Factors for Disease-Free SurvivalCharacteristicsHazard Ratio95% Confidence Intervalp Value**LGR6 Status**Low expression10.002High expression2.8861.454 to 5.729**Age**≤35 years10.034\>35 years0.4260.194 to 0.936**Menopausal Status**Pre10.310Post0.6900.337 to 1.413**Tumor Size**≤2 cm10.330\>2 cm1.6330.609 to 4.378**Lymph Nodes Invasion**No10.118Yes1.9600.844 to 4.553**TNM staging**I--II10.012III--IV2.5981.230 to 5.484**Histologic Grade**I--II10.177III--IV1.5470.821 to 2.916Table 3Multivariate Analysis of Risk Factors for Overall SurvivalCharacteristicsHazard Ratio95% Confidence Intervalp Value**LGR6 Status**Low expression10.001High expression3.6741.701 to 7.937**Age**≤35 years10.099\>35 years0.5010.221 to 1.139**Menopausal Status**Pre10.197Post0.6030.280 to 1.300**Tumor Size**≤2 cm10.184\>2 cm2.0820.706 to 6.140**Lymph Nodes Invasion**No10.102Yes2.0480.866 to 4.842**TNM staging**I--II10.081III--IV2.0190.918 to 4.442**Histologic Grade**I--II10.217III--IV1.5250.780 to 2.980

LGR6 Promotes Cell Proliferation and Tumorigenesis in TNBC {#sec2.3}
----------------------------------------------------------

To further testify the role of LGR6 in the development of TNBC, stable LGR6 overexpressing cells (LGR6-MDA-MB-468) and stable LGR6 silenced cells (shLGR6-BT549) were established by plasmid construction and short hairpin RNA (shRNA) transfection. Empty vector-transfected cells (vector-MDA-MB-468) and scramble shRNA-transfected cells (shcrl-BT549) were used as controls. LGR6 levels were significantly overexpressed in MB-468-LGR6 cells and downregulated in shcrl-BT549 cells compared to the controls (p \< 0.01; [Figure 2](#fig2){ref-type="fig"}A). Cell growth assays were performed, and the cell growth rate in LGR6-MDA-MB-468-transfected cells was significantly higher than that in controls, whereas silenced LGR6 in BT549 cells led to decreased cell growth rates (p \< 0.01; [Figure 2](#fig2){ref-type="fig"}B). Animal experiments were performed, and LGR6-modulated breast cancer cells were injected into the flanks of nude mice. After 4 weeks, the mice were euthanized, and the tumors were harvested. The volume and weight of tumors induced by LGR6-MDA-MB-468 cells and shLRG6-BT549 were significantly larger and heavier (p \< 0.05 for LGR6-MDA-MB-468 cells; p \< 0.05 for shLRG6-BT549 cells) than those induced by controls ([Figure 2](#fig2){ref-type="fig"}C left and right). Our findings indicated that LGR6 could promote cell proliferation and tumorigenesis in TNBC.Figure 2LGR6 Promotes Tumorigenesis in TNBC(A) LGR6 expression was confirmed by quantitative real-time PCR in LGR6 stable expressing/knockdown cells, and β-actin was used as a loading control. (B) Cell proliferation assays were conducted to compare the cell growth rates between LGR6-MDA-MB-468 and control cells and between shLGR6-BT549 and control cells. (C) Representative images of xenografts and a summary of tumor weight in nude mice. The weights of xenograft tumors are summarized in the right panel. All results are expressed as the mean ± standard deviation of three independent experiments (∗p \< 0.05).

LGR6 Increased Stemness and Promotes Tumor Metastasis in TNBC {#sec2.4}
-------------------------------------------------------------

Previous studies reported that LGR6 marks stem cells of a variety of tissues, including mammary gland cells, and we explored whether LGR6 could increase the stemness of TNBC cells. It was found that compared with shcrl-BT549 cells, the ability of sphere forming in shLGR6-BT549 cells was significantly decreased. Furthermore, spheroids of shLGR6-BT549 cells were observed to be surrounded by a cluster of loosely associated cells, which are susceptible to disruption, whereas shcrl-BT549 cells form compact spheroids that are not easily mechanically disrupted. More and larger spheroids are formed by LGR6-MDA-MB-468 cells than by the control cells (p \< 0.05; [Figure 3](#fig3){ref-type="fig"}A). To further assess the ability of migration promoted by LGR6, a Matrigel invasion assay was conducted *in vitro*, and it was found that LGR6 expressing cells own higher invasiveness than controls (p \< 0.01 for LGR6-MDA-MB-468 cells; p \< 0.01 for shLGR6-BT549 cells; [Figure 3](#fig3){ref-type="fig"}B). To testify effect of LGR6 on tumor metastasis *in vivo*, we injected LGR6-modulated MB-468/BT549 cells into nude mice (six mice per group) through the tail vein. After 8 weeks, the mice were sacrificed, and metastatic nodules of lungs were dissected. Hematoxylin and eosin staining was used to confirm the nodules on the lungs of the mice as metastatic tumors ([Figure 3](#fig3){ref-type="fig"}C, left). LGR6-MDA-MB-468 cells presented a stronger ability of metastasis than controls, and LGR6 silencing significantly reduced the efficiency of lung metastasis originating from BT549 cells (p \< 0.01, Student's t test; [Figure 3](#fig3){ref-type="fig"}C, right). All of these results indicated that LGR6 could promote tumor invasion and metastasis, both *in vitro* and *in vivo*.Figure 3LGR6 Increases the Stemness and Promotes Metastasis in TNBC(A) LGR6 increased the sphere-forming ability in LGR6-MDA-MB-468 cells and decreased it in LGR6 silenced BT549 cells (∗p \< 0.05, ∗∗p \< 0.01). (B) Transwell invasion assay demonstrating that LGR6 promotes cell invasion. Representative images of invaded cells are shown in the left panel, and the results are summarized in the right panel. The results are expressed as the mean ± standard deviation of three independent experiments (∗p \< 0.05, ∗∗p \< 0.01). (C) Representative images of H&E-stained sections derived from metastatic nodules at the lung surface. Original magnification, ×100. The micrometastases in the H&E-stained sections of individual mice were calculated. Each group had 5 mice. Bars, 50 μm. All data are shown as mean ± standard deviation (∗∗p \< 0.01).

LGR6 Regulates the Wnt/β-Catenin Pathway in TNBC {#sec2.5}
------------------------------------------------

To evaluate the correlation between LGR6 and the Wnt/β-catenin pathway, we performed western blot analysis on LGR6-regulated and control MBA-MB-468/BT549 cells. It was observed that inhibition of LGR6 suppressed the expression of β-catenin, DNA methyltransferase 1 (Dnmt1), Dnmt3a, and Dnmt3b. We also examined the expression of two suppressive oncogenes and found that silenced LGR6 increased the expression of BRCA1 and PTEN ([Figure 4](#fig4){ref-type="fig"}A). To further confirm the correlation of these markers, IHC was performed on tumors from a xenograft model ([Figure 4](#fig4){ref-type="fig"}B). We found that the expression of Dnmt1, Dnmt3a, and Dnmt3b was downregulated, whereas BRCA1 and PTEN were upregulated in tumors, which originated from shLGR6-BT549 cells. These findings indicated that the oncogenic role of LGR6 may be associated with the Wnt/β-catenin pathway and DNA methylation in TNBC.Figure 4LGR6 Regulates the Wnt/β-Catenin Pathway in TNBC(A) The protein expression of LGR6, β-catenin, BRCA1, Dnmt1, Dnmt3a, Dnmt3b, and PTEN in LGR6-MDA-MB-468 and control cells and between shLGR6-BT549 and control cells detected by western blot. β-actin was used as the loading control. The band intensities are quantified and normalized to β-actin intensities (∗p \< 0.05, ∗∗p \< 0.01). (B) Immunohistochemistry assay of BRCA1, Dnmt1, Dnmt3a, Dnmt3b, and PTEN expressions in shLGR6-BT549 and control cell xenografts.

Discussion {#sec3}
==========

This study explored the expression status and the exact role of LGR6 in TNBC. We found that LGR6 was upregulated in TNBC cell lines and tumor tissues. Overexpression of LGR6 correlated with poor disease-free survival and overall survivals in patients with TNBC. LGR6 promotes tumor growth and metastasis both *in vitro* and *in vivo*, which might be associated with the Wnt/β-catenin pathway. Therefore, our findings reveal that LGR6 acts as an oncogene in TNBC and may serve as a novel therapeutic target for TNBC.

LGR proteins, including LGR4--6, are Wnt signaling mediators that have been explored a lot in various malignancies in recent years.[@bib12]^,^[@bib13]^,^[@bib19]^,^[@bib20] LGR5 was the first and most concerned LGR member since Barker et al.[@bib21] identified the stem cells in small intestine and colon stem/progenitor cells by LGR5 via *in vivo* lineage tracing. Numerous studies have revealed the significant role of LGR5 in stem cell identification and stemness maintenance in both normal tissues and cancers.[@bib22], [@bib23], [@bib24] However, subsequent research found that although homologs, LGR6 and LGR5 may have distinctly different distribution and function. Huang et al.[@bib4] demonstrated that Lgr6, but not Lgr5, acts as an epithelial stem cell marker in squamous cell carcinomas (SCCs) *in vivo*. Lee et al.[@bib25] found that Lgr6+ cells comprise smooth muscle cells and promote airway differentiation of epithelial progenitors via Wnt-Fgf10 cooperation, whereas Lgr5+ cells are located in alveolar compartments and promote alveolar differentiation of epithelial progenitors through Wnt activation. A study of ovarian cancer showed that LGR6 was dramatically upregulated, but LGR5 was slightly upregulated compared with normal controls.[@bib8] For breast cancer, Yang et al.[@bib26] have reported that LGR5 promotes breast cancer progression and maintains stem-like cells through activation of Wnt/β-catenin signaling; however, the status and function of LGR6 in breast cancer are less concerning. In our study, we assessed the expression levels of LGR6 in cell lines and found that LGR6 was significantly upregulated in TNBC cell lines compared with others. Tissue arrays and survival analysis testified that the overexpression of LGR6 in TNBC and the association with poor survivals are consistent with the survival analysis from the Molecular Taxonomy of Breast Cancer International Consortium (METABRIC) database, whereas contradicted the outcomes from The Cancer Genome Atlas (TCGA) database. The discrepancy among ours, METABRIC's, and TCGA's may be attributed to the fact that there are multiple subtypes within TNBC, as it is a heterogeneous disease. According to the findings revealed by Lehmann et al. in 2011[@bib27], cluster analysis identified 6 TNBC subtypes displaying unique gene expression and ontologies, including 2 basal-like (BL1 and BL2), an immunomodulatory (IM), a mesenchymal (M), a mesenchymal stem-like (MSL), and a luminal androgen receptor (LAR) subtype. MDA-MD-468 belongs to the BL1 subtype, and BT549 belongs to the M subtype, which share the similar genetic background. Therefore, our findings may be limited to some subtypes of TNBC. Further validation is still needed, especially in a Chinese TNBC population database and other subtypes that were not represented in this study.[@bib28] To further explore the exact role of LGR6, LGR6 stable expressing or silenced cells were established, and experiments *in vitro* and *in vivo* showed that LGR6 could promote tumor proliferation and metastasis. Our findings proved the oncogenic role of LGR6 in TNBC through the Wnt/β-catenin pathway, which is consistent with genome-wide association study (GWAS) screening results that LGR6 is a susceptible gene for ER-negative breast cancer or TNBC.[@bib17]^,^[@bib18]

Dnmt1, Dnmt3a, and Dnmt3b are members of the mammalian Dnmt family, which is responsible for genomic DNA methylation and plays important roles in normal development and genosome stability.[@bib29] Dnmt dysregulation perturbs the homeostasis of various tissue types, such as lung, intestine, hematopoietic cells, neural cells, and the epidermis.[@bib30]^,^[@bib31] Somatic mutations of Dnmts may lead to tumorigenesis and cancer progression.[@bib32] Poomipark's team[@bib33] reported that Dnmt1 was involved in acquired resistance to chemotherapy in lung cancer, whereas Dnmt3a and Dnmt3b associated with cervical cancer progression.[@bib34] In this study, we found that the expression of Dnmts was positively correlated with LGR6, indicating that DNA methylation might be involved in the oncogenic function of LGR6. Mounting previous studies have demonstrated that conjunction of LGR4--6 and RPSO1--4 could activate the Wnt/β-catenin signaling pathway, which is pivotal in inducing and maintaining cancer stem cell features in a variety of malignancies. Similarly, Dnmts were also found to be important for the regulation of stem cells in several studies. Trowbridge et al.[@bib35] reported that Dnmt1 is essential for and uniquely regulates hematopoietic stem and progenitor cells. Rinaldi et al.[@bib36] revealed that Dnmt3a and Dnmt3b associate with enhancers to regulate human epidermal stem cell homeostasis. All of these findings, including ours, indicated that there might be some underlying mechanisms between LGR6 and DNA methylation in TNBC that are not yet explicit and need further investigation. In addition, two common tumor-suppressor genes, BRCA1 and PTEN, were analyzed in TNBC. We found that the expression of BRCA1 and PTEN was negatively correlated with LGR6, confirming that LGR6 functions as an oncogene to promote tumorigenesis in TNBC.

In conclusion, our study first proved that LGR6 functions as an oncogene in TNBC. LGR6 promotes tumor progression, and its oncogenic role may associate with the Wnt/β-catenin pathway. All of these findings provided some new insights into the role of LGR6 in the development of TNBC, which may help to better understand the biological behavior of TNBC and find out a potential approach to treat TNBC.

Materials and Methods {#sec4}
=====================

Tissue Samples and Cell Lines {#sec4.1}
-----------------------------

A total of 36 paired fresh samples (tumor and adjacent nontumor tissues) were obtained from patients with TNBC who received surgery at Sun Yat-sen University Cancer Center (Guangzhou, Guangdong, China). All resected tissues were instantaneously infiltrated in RNAlater (Ambion, Texas). This study was approved by the Ethics Committee of Sun Yat-sen University Cancer Center, and all patients signed the informed consent before participation. All cell lines (normal: MCF-10A; non-TNBC: SKBR-3, MCF-7, T47D, MDA-MB-361, BT483, BT474; TNBC: 4T1, MDA-MB-468, MDA-MB-231, BT549) used in this study were obtained from the American Type Culture Collection and reauthenticated by short tandem repeat (STR) profile analysis every 6 months after resuscitation (Beijing Microread Genetics, China).

Tissue Microarray (TMA) and IHC {#sec4.2}
-------------------------------

TMA analyses were performed on tumor samples from 240 patients with negative breast cancer at Sun Yat-sen University Cancer Center (Guangzhou, Guangdong, China). The procedure of the TMA and IHC staining has been described previously.[@bib37] According to the percentage of positive cells and staining intensity,[@bib38] LGR6 expression was classified into high and low expression groups. Scores 0--4 were used to evaluate the staining intensity: 0--1 (no staining), 1--2 (weak staining), 2--3 (medium staining), and 3--4 (strong staining). The percentage of positive cells was divided into four rankings by 25%, 50%, and 75%. The intensity and quantity determined the final score, from 0 to 4. High expression was defined as scores 3--4, and low expression was defined as scores 0--2. All samples were accessed by at least two blinded pathologists.

RNA Extraction and Quantitative Real-Time PCR {#sec4.3}
---------------------------------------------

RNA was isolated using the TRIzol reagent (Invitrogen). Quantitative real-time PCR was performed with SYBR Premix Ex Taq (Takara), as previously described.[@bib39] β-actin was used as an internal control. The primers of LGR6 and β-actin were purchased from Invitrogen (Shanghai, China). The primer sequences were as follows: LGR6 forward: 5′-TGACGGCTTACCTGGACCTCA-3′, reverse: 5′-AGAGAATGCTTGTCCTGGGATG-3′; β-actin forward: 5′-GGACTTCGAGCAAGAGATGG-3′, reverse: 5′-ATCTGCTGGAAGGTGGACAG-3′.

Cell Proliferation and Invasion Assay {#sec4.4}
-------------------------------------

For cell proliferation assay, cells were plated on 96-well plates at the concentration of 1 × 10^3^/well. Cell numbers were counted after 1, 2, and 3 days of incubation by a Coulter Counter (Beckman Coulter, USA), and the cell proliferation rate was calculated using a Cell Counting Kit 8 (CCK-8) (Dojindo, Japan). Cell invasion assay was evaluated by Transwell, according to the manufacturer's instructions. Briefly, cells with serum-free medium were added to the upper chamber of the Transwell (8 μm pore size; BD Biosciences, USA), and 10% fetal bovine serum was added to the lower chamber. After incubation for 48 h, cells adhering to the lower membrane of the inserts were stained with crystal violet and counted. All experiments were conducted in triplicate independently.

Plasmid Construction and Transfection {#sec4.5}
-------------------------------------

The full-length LGR6 cDNA and shRNA against LGR6 (GeneCopoeia) were subcloned into the eukaryotic expression vector pcDNA3.1 (Invitrogen), as previously described.[@bib40] The most effective silenced shLGR6 was chosen from 3 candidates for the following experiments ([Figure S1](#mmc1){ref-type="supplementary-material"}). Plasmid transfection was performed using Lipofectamine 2000 (Life Technologies), according to the manufacturer's instructions. Cells transfected with empty vector were used as controls. Stable LGR6 expressing/silenced clones were selected by Geneticin (Roche Diagnostic). Puromycin was used to select stable cells.

Western Blotting {#sec4.6}
----------------

Protein was extracted using radioimmunoprecipitation assay (RIPA) lysis buffer with a proteinase inhibitor. Proteins in the lysates were separated by 12% SDS-polyacrylamide gel electrophoresis (PAGE) and transferred onto a polyvinylidenedifluoride (PVDF) membrane (Millipore, USA). To block the nonspecific binding, membranes were incubated at room temperature for 1 h with 5% skim milk powder. Subsequently, the membranes were incubated for 12 h at 4°C with antibodies against LGR6, β-catenin, Dnmt1, Dnmt3a, Dnmt3b, BRCA1, and PTEN, purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The target proteins were detected by chemiluminescence. β-actin served as a protein-loading control.

Spheroid Culture and Formation {#sec4.7}
------------------------------

Cells at a density of 1 × 10^3^ cells/mL were seeded into 6-well ultra-low cluster plates (Corning) and cultured in DMEM/F-12 medium with 1% B27 (Invitrogen, Carlsbad, CA, USA), EGF (20 ng/mL; Invitrogen), basic FGF (bFGF) (10 ng/mL; Invitrogen), and insulin (10 mg/mL; Sigma), as previously described.[@bib26] After 5 days, the number of the spheres (spherical, tight, nonadherent masses \>50 mm in diameter) was counted, and spheroid formation efficiency (colonies/input cells 100%) was calculated under an inverse microscope.

Mouse Xenograft Model {#sec4.8}
---------------------

LGR6 stable expressing/silenced cells were collected and suspended in PBS at a concentration of 1 × 10^6^ cells/mL. For tumorigenesis experiments, the cells were inoculated subcutaneously into the dorsal flanks of each nude mouse with 100 μL of cancer cell suspension (5 in each group). Tumor size was measured every 4 days. After 28 days, the mice were sacrificed, and the tumors were dissected and weighed. For metastasis, 1 × 10^5^ of cells were injected into the tail vein of the nude mouse (5 weeks old, 5 in each group). 8 weeks later, all mice were euthanized, and the pulmonary metastatic nodules were carefully examined and counted. All procedures on animals were performed strictly according to the institutional guidelines and approved by the Institute Research Ethics Committee of Sun Yat-Sen University Cancer Center.

Statistics {#sec4.9}
----------

Comparisons between two groups were analyzed by Student's t test, one-way ANOVA, and chi-square test. Data are shown as the mean ± standard deviation of three independent experiments unless specifically indicated. The survivals were analyzed Kaplan-Meier curves and log-rank tests. All differences were statistically significant at the p \<0.05 level. Statistical analysis was processed using SPSS 16.0 software.
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